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ABSTRACT 
 
 
 
The purpose of this project was to analyze the function of a newly discovered 
subtype of CD8+ cell in mice, the T6α subtype.  Through assays of in vitro stimulation, 
cytotoxicity, and secondary memory responses in vivo, we explored the function of the 
T6α subset of CD8+ T-cells.  The data show that in response to an influenza virus 
infection in mice, the T6α cells produce large quantities of IFNγ, lesser amounts of IL-2, 
and no detectable TNFα and IL17.  Future experiments focusing on T6α kinetics and in 
vivo function could aid in development of future immune treatments. 
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BACKGROUND 
 
 
 
The immune system is the body’s defense against pathogenic organisms, particles, 
and viruses that it encounters in the environment.  This system is made up of several 
types of effector cells, antibodies, and chemical signaling molecules, all of which aid in 
fighting off an attack.  The system can be divided into the innate and the adaptive 
immune systems.  The type of infection that a person encounters mediates which branch 
of the immune system responds. 
 
The Innate Immune System 
The innate immune system functions to clean up dead cell debris from the 
circulatory system and aids in fighting off small infections quickly.  The innate immune 
system is comprised of several “soldier” cells, which constantly circulate throughout the 
body in search of danger signals.  These soldier cells include macrophages, monocytes, 
neutrophils, and dendritic cells, and others.  Macrophages and monocytes are large cells 
which tend to engulf their “prey,” whether it is cellular debris, broken up pathogenic 
material, or the entire pathogen itself.  The neutrophil is the main front line defender of 
the immune system.  It is recruited to the infection site first and attempts to fight the 
attack by engulfing its prey or releasing anti-microbial granules that kill the intruder.  The 
dendritic cell’s main purpose is to stimulate the adaptive immune system through 
ingestion of the pathogenic intruder, breaking it apart, and then presenting the pathogenic 
fragments on its cell surface to B-cells and T-cells for their stimulation and maturation.  
 6 
As a whole, the innate immune cells are generally classified as phagocytes since their 
main function is phagocytosis. 
 
The Adaptive Immune System 
Should the innate immune system need more specific “fighters” to help suppress 
the infection, the adaptive immune system responds to send lymphocytes (white blood 
cells) to the infection site.  This system is composed of B-cells and a variety of T-cells.  
The migration of these cells is induced by chemical signals, chemokines and cytokines.   
The cytokine family functions as innate and adaptive chemical signalers which are 
essential in the recruitment of other immune cells to fight off infection.  Cytokines attach 
to corresponding receptors on the surface of target cells.  Once the cytokine is bound to 
the receptor, a cascade of signals is sent to the cell’s nucleus which causes a change in 
transcription with many outcomes, including an up-regulation of cytokines and an up-
regulation of surface receptors which aid in the fight.  A well characterized cytokine is 
interferon that is useful in the recruitment of immune cells, especially for viral 
recognition and clearance.   
Chemokines are a subset of the cytokine family that are secreted into the 
circulatory and lymphatic systems to attract lymphocytes to the site of infection.  
Circulating lymphocytes and effector molecules are attracted to the site through a 
chemokine gradient comprised of increasing concentrations of chemokines near the 
infection.   
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B-Cells 
The “B” in B-cells stands for bone marrow, which is the site of their maturation.  
As the B-cell matures, it has two different fates, either becoming memory cells or plasma 
cells.  Plasma cells are a large portion of the humoral immune system, an antibody-
producing subset of the adaptive immune system.  The plasma B-cell’s main role is to 
produce antibodies against foreign antigens.  These antibodies then attach to an epitope 
on the antigen, producing an antibody-antigen complex that is either cleared by 
macrophage cells or by complement activation.  An epitope is a specific sequence of a 
pathogen that can be recognized by the antibodies.   
How the antibodies fight off infection is dependent on the type of pathogenic 
material the host encounters.  If the material is a bacterial toxin, a process called 
neutralization occurs where the antibodies bind the toxin and the complex is 
phagocytosed by a macrophage.  Another way antibodies clean up pathogenic material is 
by opsonization, which occurs with bacteria.  Here, the antibody binds to the bacterium, 
and becomes digested by a macrophage.  The third way antibodies deal with pathogenic 
material is through complement activation.  This occurs by antibodies binding to the 
material at hand which marks it, making it recognizable by complement protein.  The 
complement protein can either lyse the bacterium, or can make it recognizable to a 
passing phagocyte for digestion, much like opsonization (Murphy et al., 2008).   
Memory B-cells are of importance to the immune system since they help clear 
pathogenic material previously encountered.  These cells did not die off after the initial 
infection, and are the most effective form of defense against a secondary attack by the 
same antigen since they still are primed against that antigen.  These cells also aid in 
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stimulating naïve B-cells into effector B-cells which can produce more antibodies to 
defend against the attack.  A complementary cell that is also found in the cell-mediated 
immune system called a memory T cell. 
 
T-Cells 
 The T-cell gets its name from its site of maturation, much the same as the B-cell.  
The T-cell matures in the thymus through contact with antigen-presenting-cells (APCs).  
T-cells are usually stimulated by dendritic cells, however B-cells and macrophages can 
also function as APCs in some circumstances.  As the T-cell matures, it can mature into a 
cytotoxic T-cell or a helper T-cell.  These two types of cells are most identifiable through 
their surface receptors, CD8 or CD4, respectively.  CD8
+
 T-cells are known as cytotoxic 
T-cells, and their main function is to seek out and kill recognizable cells infected with 
pathogen (Murphy et al., 2008).  Other molecules regulate this important process to help 
prevent autoimmune diseases and the activation of T-cells against self cells. 
The CD4
+
 T-cell is known as the helper T-cell because its role in immunity is to 
“help” a B-cell mature.  Surface markers help this maturation process.  MHC II (major 
histocompatibility complex 2) functions in antigen presentation from antigenic peptide 
fragments the cell digested and put into vesicles.  The vesicles then move to the surface 
of the cell bound to the MHC II receptor for T-cell recognition (Murphy et al., 2008). 
Other categories of T-cells include regulatory T-cells (T-regs), natural killer T-
cells (NKT), memory T-cells, and gamma-delta T-cells.  The regulatory T-cell’s function 
is to suppress the T-cell reactions at the end of an infection.  Once this is completed, 
memory T-cells form, whose purpose is to linger in the host after the infection has been 
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cleared in case the same pathogen is encountered later.  These cells will more easily 
recognize the reoccurring pathogen, and rapidly elicit a response to the attack.  The 
natural killer T-cells attack and kill a wide range of pathogens, attacking any cell lacking 
MHC-I as a self-marker.  Gamma-delta T-cells are not well characterized, are mainly 
found in the mucous membranes, such as the gut, and recognize phosphoantigens.  Very 
few phosphoantigens are known, but most living cells are known to make them, including 
cancer cells.  When thinking of T-cells, generally the two main types that first come to 
mind are the CD4
+
 helpers, and the CD8
+
 cytotoxic cells.  
 
CD4 and CD8 Cell Subtypes 
CD4+ and CD8+ T-cells can be further divided into subtypes.  It has been shown 
that through stimulation by specific cytokines, CD4 and CD8 cells can differentiate into 
many different subtypes (Croft et al., 1994; Cerwenka et al., 1999; Mamada et al., 2009).  
For example, CD8 cells can differentiate into Tc1, Tc2, and Tc17 cells, which have 
matching CD4 subtypes of Th1, Th2, and Th17.  The possibility of even more subsets is 
currently being studied.  Each of these subsets appears when CD4 or CD8 cells are grown 
in the presence of a specific cocktail of cytokines and growth factors.   Once the 
differentiation steps are complete, the function of each specialized T-cell alters depending 
on which subset it falls into.   
An example of T-cell sub-differentiation which alters the functionality of the T-
cell is shown in a set of experiments for influenza infection.  Hamada et al. (2012) 
showed that a new subset of CD4+ T-cells, called Th17, can be created when growing 
CD4 cells in vitro in the presence of TGF-β, IL-6, IL-21, and/or IL-15 cytokine growth 
 10 
factors  (Mangan et al., 2006; Nurieva et al., 2007; Yoshishara et al., 2007).  These Th17 
T-cells aid in eradicating the influenza virus attack by inducing pro-inflammatory and 
hematopoietic cytokines, and by recruiting neutrophils to the site by secreting 
chemokines (Mamada et al., 2009).  Pro-inflammatory cytokines act as a signal for pro-
inflammatory innate immune cells to migrate to the infection site.  When this occurs, the 
immune cells spread around looking for any solid substance floating around that could be 
pathogenic to destroy it via degranulation or phagocytosis, and the area becomes 
inflamed from the increase of blood to the area.  Inflammation is usually a good sign for 
brief periods of time after infection due to its previously mentioned beneficial effects on 
helping remove pathogens, but it is not good for a long duration since the increased blood 
flow and swelling around the site could damage tissues in the area and/or cause disease. 
One of the main CD8 subtypes are Tc1 cells.  It has been shown that these cells 
produce interferon-γ (IFN-γ), tumor necrosis factor-α (TNF-α), and interleukin-2 (IL-2), 
with highest amounts of TNF-α and IFN-γ (Austin et al., 1999).  Another branch of CD8 
cells of interest for this MQP are T6α cells.  These are a relatively new subtype still being 
studied with little published on them, however it is hypothesized that they are similar in 
nature to CD4 Th22 cells.  These cells are created when grown in media conditions 
containing TNFα and IL-6, and their function is unknown. 
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OT-1 Transgenic Mice 
In order to study T-cell effector function, one needs a good model.  For this MQP, 
the model is transgenic OT-1 mice that express a specific combination of T-cell 
receptors, Vα2/Vβ5.  In certain cases through allelic exclusion during differentiation, and 
positive/negative selection in the thymus, a different receptor combination may 
occasionally be expressed on a small population’s surface, but it does not occur often 
enough to matter. 
The importance of having transgenic mice expressing a specific T-cell receptor is 
so one can study the receptor’s functions, such as memory response and cytolytic 
activity.  The receptor combination is stimulated by utilizing an antigen specific for that 
receptor, which in this case is the SIINFEKL sequence on an ovalbumin peptide.  
SIINFEKL is an acronym that names the amino acid sequence in single-letter codes.  The 
OT-1 Vα2/Vβ5 receptors recognize the ovalbumin peptide containing the SIINFEKL 
sequence.  The OT-1 mice have been manipulated to express only the Vα2/Vβ5 receptor, 
not one of the millions of other possible recombination’s due to VDJ recombination.  
This simplicity would not be possible if one were dealing with a polyclonal population of 
T cell receptors.   
Several methods of T-cell stimulation are known and widely used in labs today.  
A popular method used when dealing with in vitro assays utilizes the anti-CD3 ligand 
(αCD3) and anti-CD28 ligand (αCD28) co-stimulation pathway.  This stimulation is 
performed by lining the cell container with αCD3 before adding the media containing the 
naïve T cells that previously contain αCD28.  When the two receptors come in contact 
with another, it stimulates the same cascade signaling effect in the cell telling it to expand 
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without dying.  Without the secondary stimulation from the opposing receptor, the T cell 
would still have a cascade of signals reporting to the nucleus, but instead of telling the 
cell to divide, the signals send death signals telling the cell to kill itself through apoptosis 
or another method.  Thus, mono-stimulated cells die off, and are not analyzed. 
The next option of stimulating T-cells for a response is with an antigen presenting 
cell (APC) with the ova-1 peptide presented on its surface.  An antigen presenting cell is 
one that phagocytizes antigens and presents portions of the sequences on their surface to 
co-stimulate B and T cells, and the necessary major histocompatibility complex (MHC 
classes 1 or 2).  Some common examples of APCs are dendritic cells, B-cells, and 
macrophages.  This method can be used either in vitro through growth of the APC 
separately and then adding it to the growth media, or in vivo since this is one of the ways 
T cells can be stimulated in real life.   
A third technique for stimulating T-cells uses influenza virus with the ova-1 
peptide attached to it.  This process also occurs naturally, so it is available to use in vivo, 
but not in vitro.  The same mechanism of stimulation is used as noted with the APC.  The 
ova-1 peptide is always used in these experiments since that is the antigen the T cells are 
primed to recognize, and since T cells only recognize their priming antigen, it makes 
sense to use that peptide.  Influenza is a powerful tool to utilize in assays since it can 
have a widespread effect on the mice.  One can study memory cell responses based on 
antigen-binding assays, weight curves, secondary responses with a cytolytic activity 
assay, and other assays.  For this project, influenza was used as a tool to stimulate the T 
cells inside the mice, not to cause sickness.  The influenza used was the Influenza 
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A/Puerto Rico/8/34 strain (A/PR8).  The name describes the strain of flu (A), the 
origination (Puerto Rico), the strain it was isolated from (8), and the year (1934).   
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PROJECT PURPOSE 
 
 The purpose of this project was to analyze the function of a newly discovered 
subtype of CD8+ cell in mice, the T6α subtype.  This was accomplished by analyzing 
CD8+ T6α stimulation, memory response, and functional cytotoxicity through a variety 
of assays.  Testing various cytokines and growth conditions, we will analyze the viability 
and expansion limits of this CD8+ subgroup.  We will then test their activity in CTL 
assays to see how well they perform their effector function of specific cytotoxicity 
against pathogenic cells.  Finally, we will grow the best performers from the previous two 
in vitro assays, inject the expanded cells into mice, stimulate the mice with a naturally 
occurring influenza pathogen, and then analyze the T6α response and cytokine 
production by intracellular FACS to help determine their in vivo function, such as during 
inflammation. 
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METHODS 
 
 
Mouse Influenza Virus Infections 
Influenza strain A/PR8oval (A/PR8) was kindly provided by Dr. Richard Webby, 
St. Jude Children’s Research Hospital, Memphis, TN.  The virus was grown in the 
allantoic cavity of embryonated hen eggs from virus stocks and contain the ovalbumin-1 
antigen to be recognized by primed effector cells. Lightly anesthetized mice were 
infected with influenza by intranasal inoculation of 50 l virus suspension in PBS.  The 
dose of A/PR8 used was 2 x 10
4
 EID50 (4LD50) and 970 PFU (approx. 2LD50) for 
A/PR8oval (Hamada et al., 2012).   
 
Naïve Cell Isolation from Mice and Effector Generation 
B-6 OT-1 Thy1.1 or Thy1.2, male or female, mice were obtained from Jackson 
Labs.  They were sacrificed via CO2 asphyxiation and cervical dislocation.  The spleen 
and lymph nodes from the knee, armpits, elbows, and necks were then harvested and 
placed in a tube containing media for each mouse separately.  A single cell suspension 
was then made by passing the organs through a nylon screen (1 µm hole width) into a 
50mL conical tube, and then rinsing the screen and the end of the passage tool with 10 
mL of wash media (500 mL RPMI, 5 mL FBS, 10 mL PSG, and 4 mL 1M Hepes Buffer).  
The cells were then spun down for 7 minutes at 1500rpm (normal spin cycle).  While the 
cells were spinning down, a percoll tube (15mL conical) was set up for each mouse and 
placed on ice.  The percoll tube contained four layers based on the density of premixed 
percoll media and RPMI media.  Once the cells finished spinning, the supernatant was 
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discarded and the cells were resuspended in 2 mL of RPMI solution per mouse, and then 
layered on top of the percoll set up and spun for 20 minutes at 3000rpm with no brake 
applied.  Once completed, the top two layers of cells and media were pipetted off, and the 
layer of cells found between 80% and 62% percoll layers were removed and pipetted into 
a 50mL conical tube and flooded with 30 mL of wash medium to dilute the percoll.  The 
cells were normally spun down, resuspended in 5 mL of wash medium and counted.  The 
cells were then spun down again and resuspended in MACs buffer (500 mL 1x PBS, 27 
mL 5% FBS, 2 mL 0.5 M EDTA) and αCD8 beads (Miltenyi Biotech) corresponding to 
the number of cells counted (7.5 µL beads per 10
7
cells and 90 µL of buffer per 10
7
cells) 
and allowed to chill in the refrigerator for 15 minutes.  The solution was then flooded 
with 20 mL MACs buffer and spun normally.   
The MACs column was assembled during the spin, and the column was hydrated 
with 3mL of MACs buffer.  After the spin was completed, the cells were resuspended in 
1mL MACs buffer and added to column.  The column was then rinsed 3 times with 3 mL 
of MACs buffer, then removed and placed in a separate 15mL conical tube with the 
magnet and stand out of the hood, and rinsed with 5 mL of MACs buffer, and then 5 mL 
more of MACs buffer was plunged through.  The cells were then spun down and 
resuspended at a set volume of T cell media (500 mL RPMI, 35 mL FBS, 10 mL PSG, 4 
mL 1M Hepes, 250 µL 2ME) and counted.   
Once a count had been made, depending on how one decides to plate their cells 
and with what growth factors, the plate was filled and set in the incubator (4
o
C) for 4 
days, being checked on day 2.  The coating of the plate was performed the day before the 
experiment began, and each well was filled with αCD3 at a concentration of 10 µg/mL.  
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Plate sizes used for these experiments varied from 96-well, to 24-well to 12-well, and for 
the ICCS a 6-well plate was used.  Concentrations of cytokines were as follows: IL-6 at 5 
ng/mL, TNFα at 0.05 µg/mL, αCD28 at 1:100 dilution, IL-2 at 5 µg/mL, IL-21 at 80 
ng/mL, IL-4 at 1:250 dilution, and IL-7 at 2 ng/mL.  The cells were plated at a 
concentration of 2x10
5
cells/mL.   
The method of directly pipetting the cells from the coated plates to uncoated 
plates with fresh T cell media was utilized on day 2.  On Day 4 the cells were pipetted off 
the plates, each well washed with fresh medium to remove any lingering cells, spun 
down, then counted and compared with the initial total cell count for each well. 
 
Cytotoxic T-Cell Lymphocyte (CTL) Assay 
The T-cells used in this assay were grown using the protocol shown in the 
previous subheading, depending on which subset of T-cell needed for assay.  This 
method for the CTL assay was provided by coworker Nikki Marshall.  The target cells 
were either a syngenic cell line or B-cell blasts, the labeling dyes were CFSE and/or Cell 
Trace Violet from Invitrogen, the peptide was the SIINFEKL peptide, live/dead yellow 
from Invitrogen was used for viability analysis, and a 96 well plate was used.  The target 
and bystander cells were split in half and labeled with CFSE and Cell Trace Violet by 
resuspending the cells at 10
7
cells/mL in PBS, then diluting Violet (5 mM) 1:10 in PBS 
and adding 2 µL/mL of cells for 1 µM and diluting CFSE (10 mM) 1:10 in PBS and 
adding 1 µL/mL of cells for 1 µM, and then incubated 8 minutes at room temperature in 
the dark.  The cells then had a 25% volume equivalent of FBS added to stop the labeling 
and were washed in T cell media.  The target cells were then split into three groups: 
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Violet (no peptide), CFSE + peptide, CFSE no peptide, and resuspended at 5 x 10
6
 
cells/mL in T-cell medium.  The groups were then incubated in a 37
o
C water bath for 1 
hour to load the peptide and eliminate excess dye.  Once that was complete, the cells 
were washed in T-cell media.  The cells were then spun down as usual, and resuspended 
at 1.6 x 10
6
 cells/mL to add 40,000 cells in 25 uL.  A sterile 96-well plate was then 
labeled according to the standards: Violet bystanders and CFSE targets to multiple wells 
to pool together as a no killing control, Violet bystanders and CFSE+ peptide targets, or 
CFSE +no peptide control targets to appropriate wells.   
Once completed the effector cells were resuspended at 1 x 10
7
 cells/mL to add 
40,000 in 4 uL (1:1), 400,000 in 40 uL (10:1), and 2,000,000 in 200 uL (50:1), and then 
they were added to the appropriate wells, and the well total volume was brought up to 
250 uL with T cell medium and the plate was incubated for 3-4 hours.  Once the 
incubation period had completed the cells were harvested and transferred to a 96-well v-
bottom plate (pool no effector wells).  Staining with Live/Dead Yellow fixable viability 
stain was then performed: the cells were washed in PBS, resuspended in 100 uL PBS, 2 
ul/well of dilute yellow reagent 1:10 in PBS was added.  The cells were incubated 30 min 
on ice, then washed in PBS.   
Other stains such as a CD8+ stain were then used to see how close the ratios of 
specific killing were.  Then the cells were resuspended in paraformaldehyde and 
incubated 20 min at room temperature in the dark.  The cells were then spun down as 
usual, washed in FACs buffer three times, and stored at 4
o
C until analyzed on the flow 
cytometer.  
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Intracellular Cytokine Staining (ICCS)  
The two subsets of CD8+ cells made in this protocol were T6α and Tc1 cells.  T 
cells were grown using the protocol listed above using cytokines as follows: T6α cells 
had TNFα and IL-6 added, and Tc1 cells used IL-2, IL-12, and α-IL-4 (11B11).  The IL-2 
was used at a concentration of 9.3 ng/mL, IL-12 at 2 ng/mL, and α-IL-4 at 10 ug/mL.  On 
day 2 fresh medium was added to the cells and they were transferred from the 6-well 
plate to separate T75 flasks (each subtype was pooled together, 3 wells each).  The T6α 
cells were transferred to fresh media.  The Tc1 cells were transferred in the same medium 
except 8 uL of IL-2 was also added.  The transfer occurred by using 5 mL to wash the 
plate and 25 mL was added to the rest of the flask for a total of 30 mL in each flask.  On 
day 4 the cells were harvested from the T75 flasks and counted.  10
7
cells were needed for 
injection into the mice, so a portion of the cells were allocated for that task and 
resuspended in PBS.  5x10
6
 cells were needed in T cell media for primary ICCS staining.  
Lympholyte buffer was used to get rid of dead cells for those 10
7
 being injected into the 
mice.  These cells were then injected into Thy1.2 mice.  The cells stained for ICCS were 
stimulated with PMA (5 ng/mL) and ionomycin (1 mg/mL) for 2 hours, then with 
brefeldin A (4 ul/6mL culture) as a Golgi stop, and the cells were allowed to stimulate for 
2 more hours.  A portion of the cells was left unstimulated for control purposes.  One 
time-stimulated cells were rinsed and spun down several times, stained with live/dead 
yellow, then fixed in 4% paraformaldehyde.  The cells were left overnight in a 4
o
C 
refrigerator.  The next day, the cells were spun down and resuspended in 50 uL of 
saponin buffer for each cytokine/isotype control being assayed for.  The cells were then 
divided into FACS tubes in 50uL aliquots and stained for certain cytokines/isotype 
 20 
controls: stain 1= IFNγ – percpcy5.5, IL-17 – PE, IL-2 – APC; stain 2= IL-4 – APC, IL-5 
– PE, TNFα – FITC; iso1= isoR1 – percpcy5.5, isoR1 – PE, isoR2b – APC; iso2= isoR1 
– FITC, isoR1 – APC, isoR1 – PE.   These cells were then incubated for 30 minutes in 
the dark at 4
o
C, then washed with FACS buffer, and resuspended in 200-500 uL FACS 
buffer for reading on the FACS machine.  The mice that were injected with the Tc1 and 
T6α cells were injected with PR8-ova as described above on the 7th day after cell 
injection.  7 days after that, the mice were harvested as described above and the cells 
were stained as previously described. 
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RESULTS 
 
 
Optimization of In Vitro CD8+ Cell Growth 
The purpose of this project was to analyze the growth and function of a newly 
discovered murine T6α subtype of CD8+ cells.  The initial step in the project was to 
optimize the growth, or expansion, of CD8+ cells in vitro to provide conditions for 
producing large numbers of CD8+ cells for subsequent analysis.  Lymphocyte cells were 
isolated from spleens and lymph nodes, and CD8+ cells were isolated by MACs columns.  
The expansion of CD8+ cells in the presence of various cytokines (TNFα, IL-6, αCD28, 
IL-2, IL-21, IL-4, IL-7, IL-15, and their combinations) was analyzed (Figure-1).   Shown 
are those cytokines that produced the highest number of CD8+ cells (light gray) or the 
highest CD8+ cell concentration (dark gray).  Many of the cytokine growth conditions are 
not shown, as they did not work as well as those shown.  The combination of IL-6 and 
TNFα expanded the CD8+ population the best overall (factoring in both total cell number 
and concentration), so this combination was used to produce large numbers of CD8+ T6α 
cells for analysis.  
Along with testing various growth conditions, also tested were different sized 
plates, and different day 2 transfer methods (data not shown).  96-well plates were found 
to have too small a volume for the concentration of cells being used, perhaps because the 
medium was being consumed too quickly, therefore a switch to the 24-well plate was 
implemented and worked very well.  Two separate transfer techniques were also tested: 
direct transfer of the cells to a clean plate (to contain the supernatant with just a quick 
wash of the well with fresh T cell media), and transferring the cells and media from the 
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wells to a conical tube to be spun down and then resuspended in fresh media and 
cytokines.  For reasons unknown, this latter method was inferior to keeping the cells in 
their original supernatant, so the former was subsequently used.   
 
 
Figure-1:  Optimization of CD8+ Cell Expansion by Various Cytokines.   
Shown are the conditions that produced the highest number of total CD8+ cells 
(light gray) or the highest total cell concentration (dark gray).  CD8+ cells were 
quantitated by isolating CD8+ cells on MACS columns, expanding them, then 
directly counting their final numbers. 
  
Assay of CD8+ Cell Activity 
The next step was to determine how the various cytokine treatments affected 
CD8+ activity.  This was tested by a cytotoxic T-lymphocyte (CTL assay) performed on 
the CD8+ cells expanded in the previous experiment against SIINFEKL peptide-
presenting cells.  The percent of target cells lysed by each of the expanded CD8+ 
populations was tested at two ratios of effector cell to target SIINFEKL cell (1:1 black, or 
5:1 gray) (Figure-2).  The ratios allow one to analyze specific killing, since the CD8+ 
cells are primed to only kill the SIINFEKL peptide-bound cells leaving the bystander 
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cells alone.  Of the various T-cell populations tested, most killed equally well at both 1:1 
and 5:1 ratios.  This result is slightly unexpected, as we expected a higher percent killing 
at the 5:1 ratio of effectors to targets, so perhaps the 1:1 ratio is sufficient to kill most of 
the target cells.  The various cytokine treatments produced equally active CD8+ cells. 
 
 
Figure-2:  The Effects of Cytokine Treatments on CD8+ Activity.  The 
activity of CD8+ cells expanded by various cytokine treatments (x-axis) were 
tested for lysis against target cells (Y-axis, percent killing).  Two ratios of 
effector to target cells were tested, 1:1 black, and 5:1 gray.  The IL7 expanded 
cells were not tested at 5:1 ratio due to a relative lack of these cells. 
 
 A FACS analysis was performed on the TNFα-expanded CD8+ population in 
order to determine cell viability and the  percent bystander versus targets (Figure-3) 
since those conditions were closest to those used to grow T6α cells.  The first panel 
shows a side scatter and forward scatter analyses of the population.  The circled gate 
indicates that a high percent of the expanded cells are true lymphocytes not cellular 
debris.   The middle panel shows the ratio of live to dead cells present in the previously 
mentioned cellular population.  The fluorescent dye most efficiently enters dead cells, 
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and live cells do not take in the dye since it is poisonous to them, therefore they lack dye.  
Most of the cells (77.1%) in the TNFα-expanded population lack the dye (low 
fluorescence) and are viable.  The third panel is gated upon the second panel, which was 
gated upon the first panel.  The third panel shows the percent of bystander cells present in 
the population (Y-axis, Cell Trace Violet) versus the percent of target cells (X-axis, 
CFSE staining).  By comparing the middle and right panels, one can deduce the percent 
killing done by the effectors, which in this case was quite high since only 10% of the 
cells left were the targets compared with the 24.4% bystanders (which also shows 
specific killing). 
 
Figure-3:  FACS Analysis of TNFα-Grown CD8+ Cells.  The left panel shows 
forward scatter (x-axis) versus side scatter (Y-axis).  The middle panel shows a 
plot of the number of cells (Y-axis) versus the amount of live (non-fluorescing) 
and dead cells (fluorescing) (X-axis).  The right panel shows the percent of 
bystander cells (Y-axis staining) versus target cells (X-axis staining). 
 
 
Cytokine Production by T6α Cells 
 To determine which cytokines are produced by the T6α subpopulation of CD8+ 
cells, intracellular cytokine staining (ICCS) assays were performed on Tc1 (positive 
control) and T6α subsets of CD8+ cells.  These specific T-cell subtypes were each 
stimulated as described in the Methods section.  The Tc1 cells are well characterized and 
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known in our lab, so they were used as a positive control and their cytokine production 
has been studied before.  Mice were injected with each CD8+ subtype, then seven days 
later they were infected with influenza PR8-ova to generate an immune response.  Seven 
days post-infection the mice were sacrificed and the intracellular cytokine staining assay 
was performed. 
 A FACS analysis was performed on mouse-1 that was injected with Tc1 positive 
control cells (Figure-4).  The left panel shows the gating to select for single cells by 
comparing the side scatter to the forward scatter, as was previously done in the CTL 
assay.  The middle panel shows the ratio of live cells (excluding dye) to dead cells 
(fluorescing) to remove dead cells from the analysis.  The right panel shows CD8+ cells 
(X-axis) and thy1.1 (Y-axis), the target cells injected into the mice.  The upper right 
quadrant with 3.01% of the cells positive for CD8 and thy1.1, was chosen for subsequent 
analysis.  This initial gating was performed for all subsequent samples. 
 
Figure-4:  Progression of Gates for Intracellular Cytokine Staining Assays.  
The left panel shows scatter analysis to identify single cells and to remove cell 
debris.  The middle panel shows the gating of live to dead cells, to remove dead 
cells.  The right panel shows CD8+ cells versus thy1.1 cells. 
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Figure-5 shows the cytokine analysis for T6α cells, while Figure-6 shows the 
analysis for Tc1 positive control cells.  The first panel at the top is the baseline isotype 
control used to gate the four other panels.  The panels denote stimulated versus 
unstimulated (left to right), or stain 1 versus stain 2 (different cytokines are represented in 
each stain).  The top two panels compare IL-2 production on the x-axis, with IL-17 
production on the y-axis.  Small amounts of IL-2 appear to be produced with insignificant 
levels of IL-17 in both subsets.  The bottom two panels compare IFNγ production on the 
x-axis with TNFα production on the y-axis.  Large amounts of IFNγ are produced with 
very little amounts of TNFα.  This analysis was performed for each mouse of both 
subsets (data not shown). 
 
 
Figure-5:  Isotype Control and Cytokine FACS for T6α Cells.  The panels 
show the intracellular cytokine levels for the T6α cells used in the ICCS assay.  
The first panel shows the isotype control, whose gating strategy was utilized for 
the four other panels.  The two top panels compare unstimulated cells against 
stimulated cells for IL-2 and IL-17 production.  The lower two panels compared 
unstimulated against stimulated cells for IFNγ and TNFα production. 
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Figure-6:  Isotype Control and Cytokine FACS for Tc1 Cells.  The panels 
show the intracellular cytokine levels for the Tc1 positive control cells used in 
the ICCS assay.  The first panel shows the isotype control, whose gating strategy 
was utilized for the four other panels.  The two top panels compare unstimulated 
cells against stimulated cells for IL-2 and IL-17 production.  The lower two 
panels compared unstimulated against stimulated cells for IFNγ and TNFα 
production. 
 
 
 
 The numbers obtained from the FACS analysis were averaged and are shown in 
Figure-7.  To obtain these numbers, the unstimulated controls were subtracted from the 
stimulated (same mouse), averaged, and statistical analysis was performed to obtain the 
standard error and standard deviation (not shown).  This gives a solid baseline of the 
average percent of each cytokine produced by each memory effector T cell tested, and 
how the Tc1 subset compares with the T6α subset.  The data show that large amounts of 
IFNγ were produced as expected from the positive control Tc1 cells, and also for the T6α 
cells.  IL-2 production was relatively small for each subtype, which came as a bit of a 
surprise for the Tc-1 cells.  TNFα and IL17 levels were extremely low in the Tc1 cells as 
expected, and were also very low in the the T6α cells. 
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Figure-7:  Average Levels of Cytokine Production by Tc1 and T6α CD8+ 
Cells.  The histobars represent the average cytokine levels produced by T6α cells 
(left half) or Tc1 cells (right half).  The cytokine tested is shown in the colored 
legend. 
 
  
0 0.37 
23.1 
38.6 
0 0.24 
4.4 
12.5 
-5
0
5
10
15
20
25
30
35
40
45
T6a Tc1
P
e
rc
e
n
t 
C
e
lls
 P
ro
d
u
ci
n
g 
C
yt
o
ki
n
e
 
cytokine 
Cytokine Production Comparison 
TNFa
IFNg
IL17
IL2
 29 
 
DISCUSSION 
 
This project investigated the expansion and activity of the T6α subset of CD8+ T-
cells.  The first experiment determined which cytokine combination best expands these 
cells in vitro.  Some cytokines lacked in stimulating the T-cells, and they died very 
quickly.  A surprising example of this was the αCD28 ligand (Figure 1), which was 
expected to stimulate them because αCD28 and αCD3 costimulation is a common method 
of naïve T-cell stimulation for in vitro experiments, and is generally very good for 
obtaining high CD8+ cell counts.  Figure 1 shows the cytokines that provided the best 
expansion, which may reflect which cytokines help these cells expand in vivo to provide 
a better immune response from the host.  The T6α CD8 subtype showed great expansion 
in this regard for TNFα/Il-6 and for IL-2.   
The ability of these expanded T6α cells to lyse target cells was analyzed in 
cytotoxicity assays (Figures 2 and 3).  The TNFα-stimulated cells were active in this 
assay, at both ratios of effector to target cells tested.  Further research could be performed 
to further optimize expansion and activity of the T6α cells. 
The ability of the expanded cells to produce cytokines in vivo in mice in response 
to an influenza viral challenge was determined by an intracellular cytokine staining 
(ICCS) assay.  This assay measures the ability of the expanded injected cells to survive 
over a 14 day span, and their cytokine response against an immune attack.  This type of 
analysis is critical, because this newly hypothesized T6α subtype (that forms during in 
vitro expansion) may also exist in vivo without previous recognition, and their function is 
unknown.  The injected T6α cells proved to be hardy and functioned well in vivo, 
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producing cytokines, and  by helping clear the influenza PR8-ova virus without the death 
of any mice. 
Further experiments could map T6α’s surface markers and genome to allow one 
to differentiate this cell subtype from other cells found in vivo.  Understanding if this is 
indeed a cell found in the body, or not, could have an impact depending on the 
concentrations at which it is found when the host is at rest versus during an immune 
attack.   This project could serve as a beginning point for other experiments in the fields 
of immunology and pathology.  Understanding how the immune system responds to 
pathogenic attacks in its entirety could paint a better picture of how to best aid the host in 
the event of an attack.  
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